Introduction
Higher education is one of the most significant indicators of global competitiveness (Schwab, 2013) . In response to globalization and the so-called "knowledge economy", many countries have attempted to improve international competitiveness by developing and modifying macro policies for strengthening higher education, and particularly universitiesda core component of the education sector (Ritzen, 2006) . In this context, many researchers have attempted to propose different perspectives for envisioning future universities using various futures studies methods such as trend analysis (Boer et al., 2002; Stephens, 2013) , causal layered analysis (Inayatullah and Milojevic, 2014; Zepke, 2012) , Delphi study (Hayes, 2007) , and scenario development (Inayatullah, 2012; Job and Sriraman, 2013) . Although such studies do not explore future university visions with regard to sustainability, they are driven by assumptions that, being a "living institution" with nearly 1000 years of history (Ford, 2002; Martin, 2012) , the university is constantly evolving in response to the changing demands of society and key stakeholders. From such a perspective, it is reasonable to assume that the university will continue to transform and adapt its structure, functions and governance in accord with the changing social, environmental and economic challenges of this century.
Building upon a combination of various futures studies methods, this study aimed to systematically analyze the implications of sustainable development trends and future directions universities might take under a potential second decade (2015e2024). It accomplished this by developing and applying a model for creating "trend-based scenarios". This allowed the authors to consider how evolving trends related to the higher education landscape and conceptions of sustainable development are merging to influence the way universities integrate sustainability into missions, structures and activities. The underlying assumption of the analysis model proposed herein is that a possible, probable or preferable space of the future can be identified from the intersection of several trends. Consideration of the future forms, functions and characteristics that the university might take over the next decade would be useful for two reasons. Firstly, it would allow better understanding into present changes and the key Keywords: Sustainable development Higher education United Nations Decade of Education for Sustainable Development Education for Sustainable Development Analyzing the implications of sustainable development trends and future directions universities might take under a potential second decade (2015e2024). For this purpose, a model for generating "trendbased scenarios" is proposed, based upon a combination of various futures studies methods. Results suggest that the advancement of sustainability through societal collaboration and various functions such as education, research and outreach will increasingly constitute a core mission for universities. Projecting this trend out into the following decade, the authors frame possible future orientations through three unique scenarios; namely, a socially-, environmentally-and economically-oriented university. Pursuit of sustainable development through each of these would see unique and fundamental changes. These would affect the principle university mission, focus areas, emphasized disciplines, view of Education for Sustainable Development, core external partners, projects and outputs with external stakeholders, geographical focus, and main functions involved. The authors then examine how one or more of these scenarios might be actualized through various external and internal policy and incentive measures. The depiction of these three scenarios, along with potential measures to guide universities to either of these, provides scholars, university leaders and government policy makers with some conceptual and practical instruments to consider strategically how any of these futures might be realized.
. driving forces behind these. Secondly, by considering various trajectories that a potential second ten-year commitment to sustainable development might trigger, this foresight and visioning exercise allows simultaneously insight into the types of policies and conditions required to support any of these future possibilities. By exploring three potential pathways the university might integrate sustainability a decade from now, this study bridges and contributes to three bodies of literature, that until now, have not been treated in parallel. That is, futures studies and scenario development, sustainable development in higher education, and the broader field of higher education research itself. This paper is structured as follows. The following section briefly analyzes the literature on the application of scenario development for the future of higher education and then provides an overview of the emergence of sustainable development in higher education. Section three is given to explaining the methodological dimensions of this study and the process by which the three future models of university were arrived at. Section four presents our findings, and in particular, three scenarios and contrasting models of university that the authors perceive to be likely pathways that the university might take over the next decade in response to a second UN DESD and greater efforts to advance societal sustainability. Then, in section five the authors consider various external and internal policy and incentive measures that might encourage a university to head toward any of these futures. The final section presents some concluding remarks and underlines the potential utility of our study, together with some potential directions for future research.
Theoretical perspectives
Scenarios are usually used to describe future situations foreseen as consequences of potential policy decisions (Amer et al., 2013) . Although scenarios cannot represent all the complexities of world events and provide a completely accurate picture of the future, they can help policy makers to consider the uncertainties that they are likely to face (O'Brien, 2004) . The emergence of scenario development dates back to military strategic studies (Kahn et al., 1967) and in particular to the U.S. Department of Defense, which during the 1950s at RAND Corporation 1 systematically used a scenario building methodology about the future (Borjeson et al., 2006€ ) . From the 1960s, this methodology has since been widely used for social forecasting, public policy analysis and decision making (Bradfield et al., 2005) . Yet it has also been introduced into the economic milieu since the 1970s, notably through integration into the corporate management planning processes by Royal Dutch Shell (Bishop et al., 2007) . The Club of Rome's "Limits to Growth" (Meadows, 1972) is probably the best known scenario study and also one of the most controversial. Nowadays, scenarios are drawn up for local, regional and global issues by the most diverse protagonists and companies of all sizes (Varum and Melo, 2010) .
There are countless ways to categorize different types of scenarios. Firstly, they may be categorized as being either descriptive (forecasting) or normative (backcasting) (Van Notten et al., 2003) . Descriptive scenarios are extrapolative in nature and offer a range of alternative images for the future. Normative scenarios are goal directed and respond to policy planning concerns for achieving desired targets. Scenarios may also be classified in accord with other variables such as the scenario topic (i.e. problem-specific verses broader global scenarios), the breadth of the scenario scope (i.e. one sector verses multi-sector scenarios), the paths of change explored (i.e. environmental transformations verses policy scenarios), and finally, the level of aggregation (i.e. micro verses macro scenarios) (Amer et al., 2013) . The literature indicates that scenario building techniques have evolved into a futures research paradigm from predominantly quantitative approaches toward a more qualitative and process-oriented approach (Ramirez et al., 2015; Swart et al., 2004) . Quantitative methods appear suited to narrowly focused subjects with a shorttime horizon, whilst on the other hand, their usefulness declines steadily as the timeframe examined extends further into the future (Nowack et al., 2011) . In contrast, qualitative approaches generally appear more suited to subjects having a wider scope, both temporally and physically, and their utility increases the further one glances into the future.
Qualitative methods have evolved into a set of very complex sub-techniques, typically with the help of an expert panel or sophisticated software tools (Bishop et al., 2007; Fink et al., 2004) . Many authorities believe that scenario development in combination with other futures studies methods, such as trend analysis, can serve as a powerful tool for exploring future developments in science, technology and society (Pillkahn, 2008) . Since these type of scenarios usually consider the past to be a model for the future, they are called trend-based (Hughes, 2013) . Accordingly, in such scenarios existing trends are projected into the future; generally with a high and low extreme value, and one or more middle values.
Turning now to the field of higher education, and in particular to universities, different studies have attempted to systematically articulate scenarios for the future of higher education, each with distinct approaches. Table 1 illustrates the results of analyzing key research in this field. This table is categorized into the type of publication (report, book or academic articles); scope of survey (individual institution, national or global level) and the main focus (theme) of the research. As shown in this table, a survey of the related literature reveals a number of important and recurring drivers in discussions on the future of higher education. These include globalization, information and communication technology (ICT) and virtualization, demographic changes, time spent in education, access, teaching, funding, institutional design, the student experience, and the knowledge economy. As a further observation, although scenario-based planning is widely practiced at the level of individual corporations, military and governments (Wilkinson and Kupers, 2013) , our review of the literature shows that most studies in industrialized economies are focused on clusters of universities in countries, regions or the globe as a whole. Bar a few studies in younger institutions in emerging Asian economies such as Universiti Sains Malaysia (Nasruddin et al., 2012) , BRAC University in BRAC in Bangladesh (Inayatullah et al., 2013) , and Rajamangala University of Technology Isan in Thailand (Amatariyakul and Tesaputa, 2009) and Swinburne University of Technology in Australia (Conway, 2003) , we found little published evidence to suggest that individual universities around the world are widely using strategic backcasting and planning based upon future scenarios. Furthermore, it is highly unclear if the foresight and scenario-based planning initiatives showcased in these studies have actually served to influence administrative or faculty decision making, and if concrete steps have been made towards any desirable scenario identified. However, one commonality across these initiatives is clear. Scenario planning is highly participative and can potentially involve large numbers of actors from across administrative and academic quarters of the university. As a final and noteworthy observation on this examined literature as a whole, with the exception of Barth et al. (2011) , Table 1 shows that studies examining the potential future effects of sustainable development trends on the higher education landscape are largely absent. It is this last gap in particular that this study has thereby attempted to fill.
Outside of the futures studies field, the challenge of sustainable development has emerged as a major global trend affecting the higher education landscape (DiSano, 1999) . This has prompted the formation of a still evolving field of scholarship. Non-exhaustively, studies have been conducted from various dimensions and higher education functions such as campuses and operations, curriculums and education (Leal Filho et al., 2015a; Wals, 2014) and research (Waas et al., 2010; . More recently, interest is growing around university linkages with society and the ability of universities to collaborate with external stakeholders to transform their surrounding communities and regions (Trencher et al., 2014a (Trencher et al., , 2014b Zilahy and Huisingh, 2009) . Increasing tendencies to collaborate with society in knowledge production have also prompted experiential and collaborative forms of sustainability education in tandem with societal stakeholders (Trencher et al., 2016) . Of importance, the effectiveness of collaborative and real-world learning approaches to sustainability education has been recently highlighted and promoted by the United Nations Decade of Education for Sustainable Development (UN DESD) (Tilbury, 2011) and other scholars (Leal Filho and Brandli, 2016) . With the emergence of sustainable development largely attributable to the first United Nations Conference on the Human Environment (UNCHE) in Stockholm, Sweden in 1972, this concept has since evolved into a guiding paradigm for development and diverse areas of human activity in the twentieth century. The United Nations General Assembly adopted the DESD for the period 2005 to 2014, designating the United Nations Educational, Scientific and Cultural Organization (UNESCO) as the lead agency to guide various global education programs to emphasize the critical role of education in pursuing sustainable development (UNESCO, 2005a (UNESCO, , 2005b . Throughout this decade, various global, national, regional and local efforts were made to advance progress to a more sustainable world through different forms of education, public awareness and training activities (Pigozzi, 2010; Tilbury, 2009) . Although the decade has come to an end in 2014 leaving an array of unresolved questions regarding impacts achieved (Leal Filho, 2014; Leal Filho et al., 2015b; Wals, 2014) , in the outcome document of the 2012 UN Conference on Sustainable Development (Rioþ20), "The Future We Want" (United Nations, 2012), Member States have committed to strengthening Education for Sustainable Development (ESD) beyond the end of the UN DESD:
"We resolve to promote education for sustainable development and to integrate sustainable development more actively into education beyond the United Nations Decade of Education for Sustainable Development." (United Nations, 2012, Par 233) This commitment to continuing ESD has since been reinforced in Goal 4 of the emerging post-2015 Sustainable Development Goals (SDGs) in the outcome document "Transforming our world: the 2030 Agenda for Sustainable Development" (UN, 2015) .
In considering possible future directions for a potential second decade UN DESD (2015e2024), the field of sustainability science illustrates that futures studies methods, especially scenario development, have much relevance to the Phdungsilp, 2011; Wangel, 2011) . Since a wide spectrum of issues in the field of sustainability research demand consideration of complex systems and their dynamic interaction (Kates et al., 2001) , qualitative scenario methods appear well-suited to the analysis of sustainably related matters (Barth et al., 2011) . This justifies our choice to apply such qualitative future scenario making approaches to the study of the university in the specific context of sustainable development, and in particular, the decade following the closure of the UN DESD.
Methods: overview of approach
Based on insights from the above-described literature, the following sections outline a new scenario development model that the authors propose for systematically analyzing future models of the university that might arise in accord with future trends related to sustainable development and ESD. As shown in Fig. 1 , this tool identifies possible, probable or preferred spaces of the future from the intersection of different trends, based upon two interrelated phases. For the first three steps comprising the first phase, by examining various key literature related to i) higher education, ii) sustainable development and iii) sustainable development in higher education, the authors have identified some key trends and developments impacting universities in different ways. Stretching from pre1950s and continuing until the present, some of these trends are collated in Fig. 2 and explained in detail as findings in Sections 4.1.1 to 4.1.3. The "inputs" for the second phase, in turn, have derived from the identification and analysis of these trends. Here a special emphasis was given to the extent to which they may influence the higher education landscape and conceptions of sustainable development, as well as the interactions between these two. Fig. 1 shows that the second phase concerns the detection of the most important factors influencing these two trends. It involves the examination of how these factors might influence future trajectories, and finally, the creation of scenarios based showing the interactions between trends.
In carrying out the second phase, this study draws upon results of an expert panel discussion. Using outputs from the first phase, this panel took place at "The Second Conference on Sustainability and Higher Education", organised by the Futures Studies Research Institute and Office of Sustainability at Amirkabir University of Technology (AUT), held in Tehran in December 2013. This panel convened several international experts (n ¼ 15) with differing scientific backgrounds and breadth of professional experience 2 related to the subject of "sustainability in higher education". In the first hour, to facilitate a common understanding of the subject at stake, discussions concentrated on deliberation of the results obtained from the first phase. The final four hours then revolved around considerations of how these trends would develop over the next decade and the question of how a second UN DESD (i.e. 2015e2024) could possibly affect the future orientation of universities during this period, from a global perspective. Panelists also aimed to reach the most reliable consensus of opinion among the differing members through collaborative brainstorming and discussion. Each step of the tool depicted in Fig. 1 is described below.
2 Although international experts came from different disciplines (one from higher education management, two from education policy, two from science and technology policy, three from futures studies, two from sustainability and social learning, three from higher education development planning, one from sustainability and environmental planning, one from sociology of education), they were chosen purposively for their strong interest and knowledge in "sustainability in higher education".
First step: definition of focal issue, objective and scope
This setting step determines the range of issues to be taken into account by considering an appropriate time-horizon and a clear, specific purpose. In the context of our approach, scenarios are not considered as a forecast or precise prediction, nor do they state a desirable picture of the future. Rather they produce a picture or a story describing a possible future for an emerging new paradigm shift within universities around the world. For this study, the main purpose is to identify and assess future perspective of universities, in a medium term (10 years) under the influence of sustainable development. Fig. 2 . The combination of "HE", "SD" and "the nexus between SD and HE" trends from a qualitative trend analysis.
Second step: identification and selection of the most significant trends affecting the issue
The second step addresses the question: What are important trends and critical uncertainties that will potentially impact on the future of the main issue? Trends are the factors which have a comparatively high impact and are simultaneously relatively predictable. They become important for the description of scenarios in the following steps of the scenario-based approach. Although different macro trends such as technology, demographic changes, culture, globalization, knowledge economy and politics will impact on the future orientation of universities, this research aims to specifically explore the implications of sustainable development as a major global trend for the future orientation of universities. Therefore, SD, HE, and SD-HE are considered as three qualitative trends in this study.
Third step: analysis of the trends
This step provides a breeding ground to effectively monitor changes in chosen qualitative trends, from the past into the present, focusing on the cumulative tendency of the change in any specified period of time generated by significant events. In essence, this step aims to observe and register the past performance of the trends relying on a qualitative trend analysis.
In this study, considering SD, HE, and SD-HE as three qualitative trends, several unique events related to these trends such as international conferences and summits, declarations, charters and initiatives are identified during this step ( Table 2 ). The authors have highlighted key changes in these trends through a content analysis of outcome documents from these events, along with several papers published between 2000 and 2014 within leading journals actively covering the field of sustainable development, higher education, or both.
Fourth step: detection of key factors influencing the trends
In this step, key factors or driving forces that could shape the focal issue in both predictable and unpredictable ways are explored. Driving forces include factors affecting immediate working environments (like developments related to one's community) and broader shifts in the social, technological, economic, environmental, and political environment. Driving forces can be either "predetermined elements" or "uncertainties" (Scearce et al., 2004) . Predetermined elements are forces of change that are relatively certain over a given future timeframe, such as a locked-in degree of income disparity, predictable cuts in public spending, or a foreseeable shift in demographics. Uncertainties are unpredictable driving forces, such as the nature of public opinion or shifts in social values. Table 2 The most widely recognized international events related to SD, HE, and SD-HE. Adapted and updated from (Leal Filho, 2011b; Lozano et al., 2013a In this study, in addition to these broader societal trends, emphasis was given to Rioþ20 and its outcome document "The Future We Want" (United Nations, 2012). Also relevant are the more recently stated UN member state commitments in the post2015 SDGs (United Nations, 2015) to the continued pursuit of sustainable development through education, as these international agreements will significantly affect key trends impacting higher education in the next decade 2015e2024. Incidentally, at the time of the expert panel discussion in December 2013, debates about Post-2015 SDGs were still underdeveloped. Since Rioþ20 and "The Future We Want" were more influential in discussions about a potential second decade UN DESD (2015e2024), this was considered as a key factor that would affect future sustainability scenarios for universities. By positioning education, and particularly universities, as a key driver for achieving sustainable development, the Future We Want agreement outlines at item 233 a resolve to "promote Education for Sustainable Development and to integrate sustainable development more actively into education beyond the United Nations Decade of Education for Sustainable Development (2005e2014)". In applying this step, the authors have paid special attention to how these signaled commitments to continued integration of sustainable development in higher education might affect SD, SD-HE, and finally HE, the three variables in question.
3.5. Fifth step: identification of the future orientation of the trends under the influence of key factors In conventional trend-based scenarios, future orientation of trends is based on simple causalities and merely extrapolating the historical and current path directly into the future. Since they ignore the possible effects of external factors on transformation of trends, they are often unable to deal with uncertainties in a complex, future world. Cognizant of this weakness, this proposed scenario development attempts to identify possible influential factors on the future orientation of the trends in question (as in the fourth step), and then analyze their potential future impacts. In applying this step to our study, by integrating opinions and viewpoints of the panel experts, the authors have strived to outlay some plausible future directions for the three trends (SD, HE, and SD-HE) in the decade following the UN DESD.
3.6. Sixth step: analysis of possible interactive effects between the trends Since the trends are interdependent, possible interactive effects in the future should not be overlooked. This step aims to investigate these interlinked effects that would lead to a better understanding of various relations of trends shaping the future dynamics. In this study, after identifying the future orientations of the trends under the influence of UN DESD in the previous step, their possible interactive effects in the future is analyzed.
Seventh step: projection of future scenarios
The purpose of the final step is to develop a set of plausible scenarios that tell very different stories, each which challenges our assumptions and illuminates the strategic issues facing the area under examination (in this case, universities). In essence, this is a narrowing phase in which the collected information from the previous steps is culled and refined to settle on a scenario framework. It requires testing various combinations of critical uncertainties until arriving at a framework that will serve as a strong platform for strategic conversation. Ultimately, after setting up a scenario framework, scenarios can be developed into narratives that begin in the present and end in the future. By applying this step to our study, the authors have collated the findings from the previous steps to lay out three complementary scenarios. Each depicts potential future orientations for universities in the next ten-years following the UN DESD, namely; a socially-, environmentally-and economicallyoriented university.
Findings
Using the seven-step tool described to this point, major discussion points from the expert panel at AUT have been combined with insights from the literature to explore future sustainability scenarios for universities. The following sections highlight some key findings that emerged.
Qualitative analysis of three key trends
The following three sections report the results of a qualitative trend analysis, conducted at the third step shown in Fig. 1 . With findings compiled into Fig. 2 , the authors discuss the directions of changes for the qualitative trends (HE, SD, and SD-HE) from the past into the present.
The development of HE trend
Considering higher education as an adaptive system (Beynaghi et al., 2014) and the university as the major representative of the higher education sector, the authors adopt an evolutionary perspective of this institution, and examine various key factors and triggers in its development. The bottom level of Fig. 2 (Development of HE) indicates that universities have always been influenced and shaped by societal forces, needs and a series of long-term environmental factors (Denman, 2009; Martin, 2012; Stephens and Graham, 2010) . These have triggered sea changes, stretching over five periods. On one hand, these range from elite "ivory tower" model universities until the 1950s, and on the other to a recent evolution into entrepreneurial universities and functions such as technology transfer, which have emerged since the 1990s in reaction to an increasingly knowledge-driven economy (Etzkowitz et al., 2000; Trencher et al., 2014a) . In each period, universities have faced different issues and consequently formulated unique responses, which are observable in their visions, missions, strategies and plans (Peterson, 1999) . Despite the fundamental evolutions observable in the form and function of sustainable development during this six-decade period, a general trend gathering steam since the 1970s is an increasing pressure for universities and scientists to address the needs of society, and particularly those related to advancing sustainable development (Crow, 2010) . This shift in attention from the elite class to society at large has also been famously articulated through the idea of a "new social contract" for science (Gibbons, 1999; Lubchenco, 1998) . It has also been framed through the notion of a so-called "third mission" for responding to societal interests such as economic and social development (Vorley and Nelles, 2008) . Projecting this trend into the future, the authors perceive the long-term goal of universities in the following decade and beyond to be increasingly that of advancing science and education that serves society; a goal that will demand increased attention to the nature of societal needs.
The evolution of SD trend
Taking sustainable development as an ongoing stream, the top-level of Fig. 2 (Evolution of SD) similarly depicts the evolution of the concept of "sustainable development" during four decades extending from Rio-20 (UNCHE) in 1972 to Rioþ20 in 2012. The authors bring attention to a significant shift that has occurred, from a concept centered on the "human environment" (i.e. the natural environment and environmental conservation as pre-requisites for a healthy life and human survival), then to "environment and development" (i.e. inappropriate patterns of development as the most detrimental factor to the environment) and more recently to "sustainable development", which strives to resolve tensions between calls for economic growth and environmental preservation through a holistic framing of all three dimensions (i.e. environment, economy and society) of sustainability 3 (Morse, 2010) . As another way of articulating this evolution, the authors argue that during this period the concept of sustainable development has shifted in focus from "environmental well-being" to "sustainable well-being". A core message of Fig. 2 is that the combination of evolving notions of sustainable development (the top row Evolution of SD) on one hand, and broader structural transformations in response to societal changes on the other hand (the bottom row Development of HE) are combining to affect the extent and nature by which sustainable development has been integrated by higher education. This is depicted as a merging of these two trends in the middle level (Advancement of SD-HE). This advancement is categorized into three interrelated phases:
Phase 1: A new attitude in HE toward SD The emerging concept of sustainable development prompted a superficial "acknowledgement" response in some institutions during the 1970s and 80s. This corresponds to what Sterling and Thomas (2006) refer to as a "weak" or "bolton" response. Although sustainable development did not succeed in affecting all universities, it nevertheless settled into the vision of several frontrunner institutions (Calder and Clugston, 2003) . Responses mostly entailed the holding of conferences or publication of studies related to sustainable development, and in engineering and physical sciences, efforts to address environmental issues through technological development.
Phase 2: Sustainability in HE
In the "Sustainability in HE00 phase, continued integration of the sustainable development paradigm into universities has provided a breeding ground for embedding sustainability in HE through various methods (Lozano et al., 2013a (Lozano et al., , 2014 such as conferences, official statements and declarations, charters and initiatives (shown in Table 2 ) and importantly, the incorporation of sustainability into curriculums. 4 Needless to say, the UN DESD has proved a major driver of global efforts to tie sustainability knowledge and thinking with education (Tilbury, 2011; Leal Filho and Brandli, 2016) . This phase corresponds with a "build-in" stage (Sterling and Thomas, 2006) which has, in parallel, prompted the green campus movement and establishment of offices, centers and departments dealing with SD (Leal Filho, 2010 , 2011a ).
Phase 3: HE for SD More recently, Fig. 2 shows that the relation between sustainable development and higher education, represented by several frontrunner universities around the world, has now entered into a third phase "HE for SD". Here, sustainable development has become deeply integrated into the structure and mission of the university to the point of prompting, in some areas and activities, a "rebuild" or "redesign" type response (Sterling and Thomas, 2006) . As a key characteristic of this phase, collaborations with external stakeholders have become an essential element to the knowledge production process for sustainable development (Mauser et al., 2013; Trencher et al., 2014b; Zilahy and Huisingh, 2009 ). Technology transfer, entrepreneurialism, societal interventions and the co-creation of tools and experiments to drive societal transformations towards sustainability are becoming more and more significant areas of activity, in addition to established missions of research and education (Trencher et al., 2014a) . Efforts to materialize sustainable development are therefore becoming increasingly focused off-campus and on the surrounding society (Mero, 2011) . Also, in some frontrunner institutions, ambitions to steer neighboring regions and communities towards greater sustainability through multi-stakeholder partnerships have been elevated to an explicitly stated institutional priority or mission (Beynaghi et al., 2014; Trencher et al., 2014a) . Furthermore, increasing tendencies to pursue sustainable development in tandem with societal stakeholders are generating emerging opportunities to integrate students into experiential learning approaches and the co-creation of knowledge and tools for spurring advancing sustainable development in local communities and regions (Rosenberg Daneri et al., 2015; . Of importance, the mid-term review of the UN DESD has highlighted that stakeholder collaborations and experiential approaches are particularly conducive to effective ESD (Tilbury, 2011) . The authors therefore perceive this trajectory of the SD-HE trend as a major shaper of the structure and function of university education over the next decade.
Projection of future direction of the trends under the influence of a potential second UN DESD
According to the integrated opinions and viewpoints of the panel experts, conducted at the fifth step, the following changes would be expected for the three trends discussed above if considering a second UN DESD as a driving force and major global policy in the post Rioþ20 and post-2015 SDGs process: As mentioned, the SD trend has gradually expanded and evolved from a onedimensional to a multi-dimensional concept, now encompassing a wide range of thematic areas outlined by "The Future We Want" (see Table 3 ). It is expected that the SD trend, guided by discussions and policies from a second UN DESD, would enter into a new (fourth) phase of "post sustainability" in which not only development, but every aspect of society, should be sustainable.
Regarding the SD-HE trend, evolving and expanding conceptions of sustainable development (i.e. from an environmental focus to all aspects of development) would continue shaping practices of ESD. This would occur as expanded notions of sustainable development allow the integration of sustainability into a wider array of subject areas, disciplines and universities than an environmentally-focused conception. This broadening will continue, thereby allowing more and more universities to integrate sustainability into education, leading to the reinforcement of SD-HE. As for the HE trend, it is expected that universities once again will experience a paradigm shift and fundamental changes in their structure, role and mission, and enter into a new (sixth) period "universities and sustainable development". During this period, HE for SD would constitute one of their most important missions. This view corresponds with arguments of other scholars who also envision the pursuit of sustainable development as an increasingly core "mission" for the university of tomorrow (Culum et al., 2013) .
Future scenarios
As mentioned, many universities under the influence of an expanding sustainable development trend are entering into a new era. Fundamental changes in the structure, functions and societal roles of universities are therefore expected for the future. Considering the facilitative role of UN DESD in driving these possible changes in accord with "The Future We Want" and commitments outlined in the post-2015 SDGs, the authors have conceptualized and examined three complementary scenarios (socially-, environmentally-, and economicallyoriented) into Fig. 3 and Table 4 . In each, "HE for SD" has become a core mission for the university over the next decade. Each scenario is unpacked in the following sections. Although Fig. 3 shows a probable overlap of these scenarios and many "hybrid" institutions, here the authors discuss each scenario in isolation for the sake of clarity and to better highlight the distinctive characteristics of each. Importantly, our individual examination of each scenario is based on the assumption that some would have more relevance for specific academic fields and departments than others. Therefore, the authors envision the so called university more so as a "multi-university" (Kerr, 2001) and that differing quarters of the university would move towards differing scenarios in accord with their contrasting strengths, priorities and conceptions of sustainable development. That said, as also shown in Fig. 3 , in other universities the authors envision that one individual scenario could potentially serve as an overall guiding map, institutional identity and response to the challenge of ESD and sustainable development.
The first scenario: socially-oriented universities
As shown in Table 4 , this model of university paints the portrait of a "socially engaged university" (Horrigan, 2014; Whitmer et al., 2010) ; an institution committed to advancing equitable and sustainable social and economic development in partnership with its surrounding community and region. This pursuit of materializing sustainability would have an overwhelming focus on social and Key thematic areas highlighted in "The Future We Want" for action and follow-up (Based on United Nations, 2012).
Social focus Environmental focus Economic focus
Food security and nutrition human development. Accordingly, the main mission of such universities would be the co-creation of societal transformations for advancing social well-being through education, research and outreach. This type of university would play a key role in tackling diverse social challenges such as food security and nutrition, public health, population (i.e. increase, decrease and aging), poverty, social protection, education, income and gender equality, and the empowerment of women (i.e. socially-focused themes highlighted in "The Future We Want" [see Table 3] ). As such, ESD in this form of university would be focused on advancing sustainability related knowledge and skills through engagement on a local or regional scale. Students would be seen not as passive learners but more so as "change agents" for triggering social transformations towards sustainability (Rosenberg Daneri et al., 2015) . Fields such as the humanities and social sciences (i.e. political science, public policy, psychology, sociology, and so on) would have a high relevance to such focus areas and therefore become emphasized disciplines. Additionally, this scenario would expect to see coalitions formed with municipalities, non-profit organizations (NPOs) and non-governmental organization (NGOs), local enterprises and individual citizens or groups. The numerous Regional Centers of Expertise (RCEs) formed around the world under the UN DESD also provide a valuable glimpse into this model of university rooted deeply in its surrounding community. As documented by Fadeeva et al. (2014) , a core role of the RCE is to pursue sustainable development and implementation of ESD through socially-orientated collaborations with other educational institutions and societal sectors. In the socially-orientated scenario, some projects and activities that one might expect to see are, for example, the creation of grassroot urban renewal projects to facilitate citizen engagement in decisionmaking and public policy (Horrigan, 2014) , creation and trials of alternative indicators of societal progress and societal well-being (Filho et al., 2015b) , capacity raising of citizens (i.e. training for workplace skills) and social capital, collaboration with K-12 institutions to improve educational quality and opportunities and expand ESD, fostering of social innovation and local enterprise, and spurring of local investment and ownership to advance equitable economic development and wealth distribution (Rosenberg Daneri et al., 2015) . Efforts to spur development of the social dimensions of sustainability would therefore bring the geographical focus of the university to immediate communities and regions, or specific geographical areas of developing countries. As a key example of such engagement today, the Millennium Villages project by the Earth Institute at Columbia University targets ten African countries through numerous research and development programs related to health (Singh and Sachs, 2013) , food and energy (Adkins et al., 2010) . In the socially-orientated university, functions such as education, research, outreach and community development would have high relevance for such roles in society. Potential impacts from socially-orientated forms of co-creation would include the generation and demonstration of new social configurations and enterprises (Rosenberg Daneri et al., 2015) , advancement of the human dimensions of sustainable development such as quality of life and well-being, health, gender equality, nutrition and so on, establishment of monitoring mechanisms for social problems, improved governance of local challenges through collaboration of various societal stakeholders (Horrigan, 2014) , and capacity building of local enterprises (O'Brien and Sarkis, 2014).
4.3.2. The second scenario: environmentally-oriented universities Following Table 4 , this scenario depicts a model of university devoted to the co-creation of strategies and tools for environmental transformations and the pursuit of sustainability through environmental improvement. Environmentally focused themes from "The Future We Want" (highlighted in Table 3 ) would be of high concern to this type of institution. These would include, among others, water and sanitation, disaster risk reduction, climate change, land degradation such as desertification and deforestation, sustainable agriculture, waste and pollution, renewable energy and energy efficiency, sustainable transport, biodiversity, land and marine resources and eco-systems, and the built environment. This emphasis on the physical environment would particularly bring into play fields such as the natural sciences (e.g. Earth sciences, GIS, resource management, ecology, chemistry and so on) and diverse engineering disciplines. ESD approaches in this university, being heavily focused on the physical environment, would pursue education through environmental literacy and first-hand experiences in nature (much like traditional paradigms of environmental education), and additionally, by utilizing the built and natural spaces as a "living laboratory" for sustainability learning (Orr and Cohen, 2013; McCormick and Kiss, 2015; Evans and Karvonen, 2014) .
Potential external partners might include various government research laboratories, municipalities, industry, NGOs and NPOs. It is envisioned that this university would engage in projects with these stakeholders such as environmental monitoring and restoration, scientific advisory, trials of emerging technological innovation through living laboratories for renewable energies (Peer and Stoeglehner, 2013), green transport, buildings (Evans and Karvonen, 2011; Table 4 Summery of the main points related to three sustainability scenarios.
Sc enario 1: Socially-oriented universities Scenario 2: Environmentally-oriented universities Scenario 3: Economically-oriented universities Mission Co-creation of knowledge and societal transformations for advancing sustainability through social well-being and human development Co-creation of knowledge and societal transformations for pursuing sustainability through environmental improvements Co-creation of knowledge, strategies and inventions for pursuing sustainability through economic development and entrepreneurialism Potential focus areas from "The Future We Want" (see Table 3 Trencher et al., 2014a) and urban infrastructure, to name a few potential pathways. Such activities would therefore demand a local or regional focus, although they might also potentially extend to collaborative efforts to improve environmental and living conditions in developing countries such as Africa (Oswald and Schenker, 2010) . The environmental focus of this university would bring into play the research and outreach function of the university in particular. Potential impacts that could be expected from environmentally-oriented universities would be diverse. They might include, for example, transformations and improvements of environmental conditions in the built and natural environment through technical innovation or green building construction (both on-an off-campus) (Orr and Cohen, 2013) ; forging of new environmental governance networks; development, demonstration and diffusion of new or emerging environmental technologies such as smart grids (Wigg et al., 2013) ; establishment of monitoring and evaluation mechanisms for environmental indicators such as energy consumption, GHG emissions, carbon sequestration and water-quality, and lastly, generation and diffusion of fundamental datasets and decision making tools to inform evidence-based policy making (Evans and Karvonen, 2014) .
4.3.3. The third scenario: economically-oriented universities This university would be expected to emerge in pursuit of sustainability through economic development and entrepreneurialism. This is already a widely normalized and promoted pathway for the university, as suggested by framings of a "third-mission" (Trencher et al., 2014a; Vorley and Nelles, 2008) or "entrepreneurial university" (Etzkowitz et al., 2000; Etzkowitz, 2002) . In this paradigm, institutions historically pro-active in technologytransfer to industry and spin-off creation such as MIT and Stanford have become the global yardstick par excellence for a socially engaged university. Although the overwhelming focus to date in such institutions has been on the economy rather than sustainability, conceptually at least, some argue that pursuit of sustainability and green development is feasible and even desirable as an institutional mission (Carayannis and Campbell, 2010; Etzkowitz and Zhou, 2006) . The integration of sustainable development values and environmental concerns with conventional entrepreneurial paradigms thus constitutes the defining characteristic of this scenario.
With the main mission of the university on the co-creation of knowledge, strategies and tools for advancing sustainability through economicallyorientated activities, thematic focuses of research, education and societal interactions could concern areas such as, for example, the materialization of a green and knowledgedriven economy, business development and fostering of new forms of enterprise and economic activity, community development, poverty alleviation, employment creation, sustainable consumption and production, and sustainable tourism. This would generate opportunities for substantial activation of disciplines encompassing both the social sciences (economics, business management, public policy, community development, and so on) and the hard sciences (IT, biotechnology, engineering, and so on), where entrepreneurialism, technology-transfer and university-industry linkages are today most concentrated (Mowery, 2007) . ESD in this university would occur largely through active industry cooperation and the fostering of entrepreneurialism and economic potential of students. This would correspond to views from OECD "regional engagement" literature where students are framed as "human capital" for the economy (OECD, 2007) . This university would likely work collaboratively with external partners such as medium to large industry, economic development organizations, municipalities and state government in an array of economicallycentered activities such as technology transfer through patenting and licensing of academic inventions, collaborative product design and household trials with industry and citizens (Liedtke et al., 2012) , spin-off firm creation, establishment of green technology parks (McCauley and Stephens, 2012) and university-industry research and development (R&D) facilities, consulting and training to industry, workforce development, local and regional economic development through strategic purchasing, and potentially even green real estate development (Orr and Cohen, 2013) . As such, the research and technology-transfer/entrepreneurial function of the university would be highly emphasized. The geographical focus of this institution, being more so on markets and economic systems than specific communities, would be on the regional and national scale. Potential impacts to be expected from this type of institution could include: boosting of industrial innovation (Mowery, 2007) through creation, trial and commercialization of new green technologies for accelerating the transition to a low-carbon economy; generation of new venture firms, employment and innovation zones and R&D facilities for universityindustry collaboration (Philpott et al., 2011) and raising of regional economies and international competitiveness (OECD, 2007) .
Policy measures for achieving individual scenarios
Section 4.3 has presented three highly contrastingdyet potentially complimentarydscenarios for the university over the next decade as further responses are taken to integrate sustainable development into its various functions. This description of three possible futures is an important step in gaining insight into future pathways for the university in response to the ongoing challenge of continuing implementation of ESD into the next decade. However, further analysis on the types of conditions and policies required to nudge a university in any of these directions will increase the utility of these scenarios. This section draws on insights from various literature to generate hints for government policy makers (external measures) and university decision makers (internal measures) on the types of policies and incentives that might encourage a university to pursue either, or a combination, of these pathways.
Policies for promoting socially-oriented universities
Beginning with external measures that government decision makers could take to encourage universities to respond to ESD and sustainability in a sociallyorientated manner, signals need to be sent to universities and faculty that societal engagement is valued and desired (Whitmer et al., 2010) . One way such a message could be sent is through university performance appraisal systems, which have a large potential to influence university behavior in a desired direction (Fadeeva and Mochizuki, 2010; Yarime and Tanaka, 2012) . As one example, the UK Research Excellence Framework (UK-REF) demonstrates the possibility of allocating competitive research funds based on impacts to the wider economy and society (Parker and van Teijlingen, 2012) . In this evaluation scheme, self-reported societal impacts from university research are weighted as 20% for societal and economic impacts, in addition to 65% for conventional research outputs and 15% for the quality of research environments, which also encompasses collaborations with external stakeholders. Importantly, the share of the "impacts" score is set to increase in coming years. Although this pioneering attempt to make universities accountable for their social impacts has provoked some resistance (Martin, 2011) , this initiative suggests that other countries too could experiment with the integration of societal impact measures into the allocation of competitive research funds. A second approach to encouraging universities to become sociallyorientated and engaged could occur through government funding systems. If government funding programmes were to stipulate socially-orientated themes for research and engagement with external stakeholders, surrounding communities and regions (Dedeurwaerdere, 2013) , this could prove a driving force in encouraging universities to purse sustainability and ESD from a socially-orientated pathway.
In parallel, internal measures taken from within the university could also play a key role in pushing universities in a particular direction. Conventional university incentive and reward systems are heavily weighted towards outputs such as publications, conference presentations and researchdand not the societal impact or utility of this activity (Dedeurwaerdere, 2013) . This is frequently cited as a barrier for the promotion of faculty engagement to sustainability and local or place-based challenges (Trencher et al., 2014b; Whitmer et al., 2010; . Universities and departments could therefore take into account societal engagements and impacts along with conventional outputs when evaluating faculty performance for tenure. This commitment to fostering societal engagement could be made explicit in either university-or department-level policies. Further, the alignment of education, research and outreach with local needs is vital for authentic social engagement (Horrigan, 2014) . Universities could take pro-active measures in this regard by supporting existing, or establishing new, infrastructure such as community outreach centers for fostering faculty and community collaboration through research and for facilitating experiential, collaborative and communitybased learning opportunities for students via internships and problem-based learning (Rosenberg Daneri et al., 2015; O'Brien and Sarkis, 2014) .
Policies for promoting environmentally-oriented universities
Beginning with external measures that government decision makers could take to entice universities to head down an environmentally-orientated path, once again, the abovementioned UK-REF demonstrates that national governments could also allocate performance based research funds according to contributions to the environment. Concretely, UK-REF indicators developed to measure environmental impacts of research in various engineering and natural science fields include, for example, environmental improvement through the "introduction of new, or the improvement of existing product(s), process(es)"; influence on "policy debate on the environment, environmental policy decisions or planning decisions"; improvements in "management or conservation of natural resources, including energy, water and food"; and also, measures leading to a "reduction in carbon dioxide or other environmentally damaging emissions" (Parker and van Teijlingen, 2012) . If university departments accepting federal research funds were required to demonstrate environmental impacts of research with similar indicators, they would have a larger incentive to tie research agendas to the needs and conditions of specific geographical locations and make extra efforts to increase the practical value of research.
As for internal measures to promote an environmentallyorientated university, as argued by countless scholars (Alshuwaikhat and Abubakar, 2008; Koester et al., 2006; Evans et al., 2015) , the campus itself represents a ripe occasion for the university to demonstrate environmental sustainability and innovation. With universities increasingly positioning their campuses, buildings and real estate assets as "living laboratories" (Evans and Karvonen, 2014) , institutions can further the progress attained over the last decade or so in the global shift towards green campuses. With many institutions committing to aggressive GHG reduction targetsdor even climate neutralitydfurther progress can be made in green construction (both new and retrofitting), sustainable purchasing, integration of renewable energies or lowcarbon transport systems, and measures to improve ecological health of campuses. Such efforts can permeate into the local community, where university-led urban reform can function as a driver of green building innovation and environmental improvements (Evans and Karvonen, 2014; Orr and Cohen, 2013) . Further, such efforts can also generate diverse opportunities for students and faculty to exploit urban environmental transformations processes as platforms for experiential and project-based sustainability education (Rosenberg Daneri et al., 2015; Horrigan, 2014; McCormick and Kiss, 2015) . A worldwide propagation of sustainability ranking systems (Yarime and Tanaka, 2012) suggests also that universities could be coaxed into elevating such activities to institutional priorities if on-campus sustainability measurements were integrated into conventional government appraisal systems, which are typically focused on gauging research excellence through indicators such as numbers of publications, citations, patents and journal impact factors.
Policies for promoting economically-oriented universities
Starting with the renowned Bayh-Dole Act of 1980 in the U.S. (Mowery, 2007) , governments around the world are already proactively taking various measures to encourage universities to forge closer industrial ties and harness their resources to the goal of driving economic growth (OECD, 2007) . The challenge in materializing this scenario is therefore in bringing universities to appreciate that economic contributions alone are not sufficient for materializing sustainable development, and to encourage the integration of sustainability and environmental concerns into entrepreneurialism and economically-orientated activities. One potential measure could be that which is presently underway in Singapore. Here the National Research Foundation has financed construction of a technology park at the National University of Singapore called Campus for Research Excellence and Technological Enterprise (CREATE). With an explicit focus on green technology, this provides the physical infrastructure for academics and industrial partners to engage in the co-creation of new technologies for hastening the nation's shift to a low-carbon economy (Trencher and Bai, in press ). Although such strategies would not suit all national circumstances and budgets, governments could privilege university-industry collaborations that tackle sustainability related issues in their allocation of funding support. They could also shift their expectations regarding university-industry exchanges from traditional "hard" outcomes such as patents, licenses and technological prototypes (Philpott et al., 2011) to "softer" forms of industry exchange and economic activity that would also compliment ESD implementation such as internships (Domask, 2007) , student consulting to industry (O'Brien and Sarkis, 2014) and collaborative teaching.
Regarding internal measures to push universities in this direction, active entrepreneurial universities around the world currently offer various incentives to faculty to encourage commercialization of research outcomes. Some approaches include offering start-up funds and venture creation support through business competitions (Gibb et al., 2013) , allowing or encouraging faculty consulting, and also, institutional or departmental recognition of collaborations with industry, especially those bringing in research funds. Universities could encourage relations with industry and entrepreneurial activities linked to the advancement of sustainability by privileging the commercialization of low-carbon technologies and services with financial support, or by making such priorities clear in university policy. However, with most entrepreneurial activity strongly identified with the research function of the university, other measures would need to be taken to tie industry interactions with education. This is not to mention the need to encourage integration of ESD into traditionally more economically-orientated areas of the university such as business development and economics. The launch of inter-or trans-disciplinary research and educational institutes combining sustainability with economic logic and entrepreneurialism, together with active flows and exchanges of faculty, students and industry personnel, could be another means of encouraging a shift towards this model of university.
Conclusions
In pursuit of a sustainable and harmonious world through ESD, the Rioþ20 conference reiterated that the UN DESD should continue after completion of the initial decade 2005e2014. Support for an ongoing global pursuit of sustainable development through education has also been affirmed in the SDGs (United Nations, 2015) . An open question is how implementation of this new global policy might bring about changes in universities during the next decade, that is, from 2015 to 2024, which was the starting point of this research. A new scenario development process was proposed to systematically provide a compelling answer to this question.
The various futures for universities outlined in this research have addressed the tendency of existing scholarship to overlook sustainable development as a critical driver of changes in universities. In the few studies that have focused on sustainable development, they have not paid due attention to how changing forms of university interactions with society might spell out for both the future of ESD, and the role and structure of the university itself.
Findings from the first phase of the scenario building tool revealed that universities are entering into a new era, "universities and sustainable development". Here, the pursuit of HE for SD through societal collaborations is increasingly constituting one of their most significant missions. In the second phase, three scenarios were generated to shed more light on what might be, or could be, the shape and role that future universities might take during the next ten-years of this era, reaching up to 2024. Three potential models of university were envisioned; a socially-, environmentally-, and economically-oriented institution. According to these contrasting yet potentially complementary scenarios, universities will continue to undergo dramatic changes as they apply their resources to the co-creation of a sustainable society. These changes would concern their mission, focus areas, emphasized disciplines, view of ESD, core external partners, key projects, activities and outputs with societal stakeholders, geographical focus, and main functions involved. Although the authors examined each of these three scenarios in isolation, the authors envision that some types of "hybrid" university would emerge, moving towards more than one scenario in accord with the differing strengths, priorities and activities of various disciplines and departments. For other universities, an individual scenario could serve as a guiding vision for the entire institution as it worked to apply its strengths and resources to the challenge of working with society to advance sustainable development through education, research and outreach.
Future research could investigate further and evaluate the effectiveness of different political strategies for guiding multiple universities in a particular region or nation to pursue one or more, or even particular characteristics, of the three scenarios envisioned. In addition, the future scenario generating approach of this study also harbors potential utility for universities which now wish to engage in the sustainability debate. Various internal change agents and decision makers could develop a roadmap based on their vision, long term goals, and circumstances to chart specific and target-based measures by which each university might edge closer to one or more of these scenarios. In this way, the scenarios could serve as a backcasting approach for guiding the university into the next decade in a direction aligned with its particular strengths and priorities, and the needs and conditions of the surrounding society. The authors anticipate that this study could encourage scholars and university staff, as well as political leaders, to consider how to pursue continued global efforts to motivate universities to expand ESD activities whilst increasing contributions to social, economic and environmental development.
